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ABSTRACT 

Lake Agassiz occupied the Red River 
Valley between about 13,800 and 9,000 
years ago. The Late Wisconsinan ice sheet 
that covered the Red River Valley retreated 
far enough to expose the drainage divide in 
northern South Dakota and south-central 
Minnesota sometime after 14,000 B.P. and 
meltwater ponded behind this divide in 
Richland County. Before 13,800 the ice 
readvanced over this area and then 
retreated again. As the ice margin retreated 
northward, deposition of the Argusville and 
Wylie Formations took place. Sometime 
before 12,800 the ice advanced again in to 
the Red River Valley as far as Traill 
County; ,the terminus of this advance is 
marked by the clay rich pebble-loam of the 
Huot Formation, and the Falconer 
Formation was deposited behind the Huot. 
Deposition of the Argusville Formation 
continued in the southern part of the basin. 
Deposition of the Brenna Formation began 
when the ice margin began retreating out of 
the Red River Valley. About 11,000 B.P. 
an eastern outlet into the Lake Superior 
basin was opened, and Lake Agassiz 
dropped from the Campbell level to below 
the Ojata level. During the period between 
11,000 B.P. and 9,900 B.P. the lake level 
fluctuated several times, but most of the 
time the lake floor was subject to erosion. 
A stream network similar to that of the 
present day developed, depositing the 
Poplar River Formation. About 9.900 B.P. 
the eastern outlets were plugged by ice and 
Lake Agassiz rose back to the Campbell 
level. The lake stood at this level for about 
900 years; during thiS time the Sherack 
Formation was deposited. 

The engineering properties of the 
Sherack Formation include low to 
moderate water content (]7% to 56%), 
wide range of liqUid limit (27% to 92%), 
and wide range of consistency index (22% 
to 86%). The northern part of the Brenna 
Formation has high water content (62% to 
88%), a high liqUid limit (63% to 104%), 
and very low penetration resistance (4 to 7 
blows per foot). The southern part of the 

Brenna Formation and the Wylie and 
Argusville Formations have similar 
engineering properties. The range in water 
content (38% to 69%), liqUid limit (39% to 
93%), and penetration resistance (4 to 16 
blows per foot) for these units are similar. 
The Poplar River Formation is under 
confined piezometric conditions, and 
pilings or footings in it are subject to 
failure. The Falconer and Huot Formations 
have engineering properties similar to the 
Sherack, Wylie, and Argusville Formations. 
The glacial sediments underlying the Lake 
Agassiz sediment prOVide a suitable 
foundation for nearly all types of 
construction. 

INTRODUCTION 

General 

Between about 13,800 and 9,000 
years ago glacial Lake Agassiz occupied 
parts of North Dakota, South Dakota, 
Minnesota, Saskatchewan, Manitoba, and 
Ontario (fig. 1). Sediment of Lake Agassiz 
has been recognized over an area of 
200,000 square miles (Elson, 1967). This 
report deals with the sediment of Lake 
Agassiz in the Red River lowlands of North 
Dakota and Minnesota. This area is a 
bedrock lowland (flg. 2) with a regional 
slope to the north that has existed even 
through the glaciations of the Pleistocene. 
The present-day Red River of the North 
flows down the axis of the basin that was 
occupied by Lake Agassiz south of the 
International Boundary. 

Purpose 

Although, over the years, many 
geologists have worked on various aspects 
of Lake Agassiz geology and history, none, 
with the exception of Last (1974), have 
attempted a systematic analysis of the 
offshore sediment of the lake. The lack of 
data on these' thick silt and clay deposits 
has retarded the development of our 
understanding of Lake Agassiz. Geologists 
have generally assumed that little 
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information can be obtained from a study 
of the offshore sediment and have devoted 
most of their efforts to the shoreline and 
nearshore sediment. 

It is shown in this report that the 
offshore sediment does in fact have distinct 
and recognizable differences. These 
differences are Bt into a stratigraphic 
framework that can be related to the 
depositional history in the Red River basin 
during late Wisconsinan and early Holocene 
time. 

Previous Studies 

A historical summary of early workers 
who have conducted research in the Lake 
Agassiz basin is given by Tamplin (1967). A 
comprehensive summary of Lake Agassiz 
research i~ given in Life, Land and Water, 
edited by W. J. Mayer-Oakes (1967). 
Bulletins on the geology of each of the 
North Dakota counties located in the 
Agassiz basin have been published by the 
North Dakota Geological Survey (Arndt, 
1974; Bluemle, 1967, 1974a; Hansen and 
Kume, 1970; Klausing, 1968; Baker, 1967). 
More recent work has been done by Harris, 
Moran, and Clayton (1974), Last (1974), 
Harris (1975), and Sackreiter (1975). 

Numerous other researchers have in 
some way contributed to knowledge of 
Lake Agassiz, and those relevant to this 
report will be referenced in the appropriate 
sections. 

Methodology 

Test borings made by the North 
Dakota State Highway Department along 
Interstate 29 were the principal source of 
data for this study. Detailed information is 
available for 92 sites located along the 
interstate route from the South Dakota 
boundary to 29 miles south of the 
Manitoba border. Two or three borings 
were available for each of these sites. The 
data available for each site consists of 
descriptions of the material encountered 
and a summary of engineering test data for 
the sampled intervals. Engineering test data 
includes (1) water content for all sampled 
intervals, (2) standard-penetration test for 
at least ev~.ry other sample recovered, (3) 

unconfined-compressive strength of 
selected samples, (4) dry unit weight for 
these same selected samples, (5) grain-size 
analyses of selected samples, (6) Atterberg 
limits for those samples upon which size 
analyses were performed, and (7) 
consistency index, which is a measure of 
the compressibility of a soil. Although 
other engineering tests were performed on 
some samples, they are not considered in 
this study. The North Dakota State 
Highway Department also provided cores 
from these borings from about 25 sites. 

In addition to the interstate borings, 
there are about 25 other sites where 
engineering test borings performed by the 
State Highway Department were used. 
These sites were generally not located in 
the offshore part of the Agassiz basin and 
the data was much less complete. 

Some data for Pembina County is 
available from test borings by the U.S. 
Anny Corps of Engineers, primarily for 
dikes along the Red River and the Pembina 
River at Pembina, North Dakota. 

During the summers of 1971, 1972, 
and 1973 about 150 shallow holes were 
drilled using the North Dakota Geological 
Survey truck-mounted power auger. The 
primary purpose of this drilling was to 
identify the contact between the Sherack 
Formation and the underlying units in the 
offshore region of the Lake Agassiz basin. 
For this reason, and because of the 
difficulty in obtaining samples of the 
Brenna and Argusville Formations using 
continuous-flight augers, little information 
was obtained under about 20 or 30 feet 
below the ground surface. 

All data used in the preparation of 
this report is on file with the North Dakota 
Geological Survey. 
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should be expected to have relatively 
desirable engineering characteristics. It 
does, however, contain 20 to 50 percent 
clay, which gives it a low consistency index 
(pI. 3). Towards the south, near the Huot 
Formation, the Falconer generally increases 
in clay content, with a resultant decrease in 
consistency index and strength. The large 
variation in unconfined-compressive 
strength is probably a result of the variable 
clay content. The standard-penetration 
resistance of the Falconer in most places is 
not much more than that of the Brenna 
Fonnation and it is not much stronger. 

HuotFormation 
The Huot Formation varies 

considerably in engineering properties, but 
it is generally a weak material. Along the 
Red Lake River, where this fonnation is at 
the surface, it slumps easily. Its engineering 
properties are similar to that of the 
Sherack-southern Brenna-Argusville, and it 
is expected to behave in a similar manner. 

Wylie Formation 
The Wylie Fonnation is lake sediment 

that is stratigraphically equivalent to the 
Argusville Formation. It has somewhat 
different engineering characteristics than 
the Argusville Formation because it has 
incorporated within it pebble-loam of the 
Falconer Formation as a result of 
overriding by the caledonia Advance. For 
the most part, the Wylie Formation is 
difficult to char~cteriz.e as an engineering 
unit because of Its relative thinness and 
because of incorporation of the Falconer. 
Depending on where it is sampled, both 
laterally and vertically, it could either be 
very similar to the Sherack, southern 
Brenna and Argusville Fonnations, or to 
the Falconer Fonnation. In either case, any 
foundation that required pilings that deep 
should be driven into the underlying unit 
A. 

Units A, B, C, D 
Units A, B, and D appear to provide 

suitable foundation for nearly all types of 
construction. Unit C, because it is 
composed primarily of clay and material 
incorporated from unit D, is expected to 
have engineering characteristics similar to 
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the Wylie Formation. Any foundation that 
required pilings deep enough to encounter 
unit C should be driven into unit D, so 
further consideration of unit C is 
unnecessary. 

Structures along Interstate HighwaY' 
29 that rest on pile foundations are all 
supported by either units A, B, or D. The 
high-rise buildings in the Fargo area that 
rest on pile foundations are set on unit A. 

Water content of units A and D are 
low, generally less than 20 percent (rl. 3). 
Unit B has a range of water content slightly 
above 20 percent, which is probably a 
reflection of a somewhat higher clay 
content than either unit A or D. Data on 
dry unit weight is limited for unit A, and 
unit D has a consistently higher dry unit 
weight than unit B. The consistency index 
of unit B is less than 80 (pI. 3) and suggests 
that this unit is more subject to 
compression under load than either unit A 
orD. 

Table 2 does not give values for 
standard-penetration for units A, B, and D 
because these data are meaningless when 
blow counts are greater than 100 per foot. 
In only a few borings were penetrations 
given in blow counts per foot. In most 
places, 100 hammer blows caused a 
penetration of less than ~ foot. As 
standard-penetration tests are not 
necessarily a linear relationship, these 
counts were not converted to a per-foot 
basis. 

Summary 

The study of the offshore sediment of 
Lake Agassiz in the Red River Valley serves 
two (unctions: (1) It provides a 
stratigraphic framework for the sediment in 
the basin, which can be used to describe 
the geologic history of Lake Agassiz. (2) 
This same stratigraphic framework can be 
used in describing the engineering 
properties of the sediment in the Lake 
Agassiz. basin. 

SummwryofGoow~cH~ory 
(1) Lostwood Glaciation (about 

14,000 B.P.).-The entire Red River Valley 
was covered by ice. The drainage divide at 
Browns Valley, Minnesota, was exposed by 
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retreat of the ice margin at least as far 
north as northern Richland County. 
Meltwater ponded behind this divide. 
Subsequent readvance of the ice 'overrode 
the deposited lake sediments. 

(2) Cass Phase (before 13,500 B.P. to 
before 12,800 B.P.).-The ice margin had 
again retreated far enough to expose the 
southem drainage divide at Browns Valley, 
Minnesota. Another lake was formed as 
meltwater ponded behind this divide. 
Strandlines above Herman level formed. 
This was the time of deposition of the 
Wylie and the lower part of the Argusville 
Formations. 

(3) Caledonia Advance (before 12,800 
B. P.). - The generally retreating Late 
Wisconsinan ice readvanced as far south as 
Traill County. The extent of this advance is 
marked by the clay-rich pebble-loam of the 
Huot Formation. The Falconer Fonnation 
was deposited as a result of this advance. 
Deposition of the Argusville Formation 
continued in the southern part of the basin. 

(4) Lockhart Phase (before 12,800 
B.P. to 11,000 B.P.).-The second 
high-water phase of Lake Agassiz began in 
the southern end of the basin, and the lake 
spread northward as the ice margin 
retreated. This was the time of deposition 
of the Brenna Formation. 

(5) Moorhead Phase (11,000 B.P. to 
9,900 B.P.).-The opening of eastern 
outlets into the Lake Superior basin 
resulted in the draining of Lake Agassiz. 
There were several lake fluctuations, but 
most of the time the lake floor was 
subjected to subaerial weathering. Streams 
flowed across the newly exposed lake floor, 
depositing the Poplar River Formation. 

(6) Emerson Phase (9,900 B.P. to 
9,000 B.P.).-The eastern outlets were 
blocked by ice, and Lake Agassiz rose to 
the Campbell level. Deposition of the 
Sherack Formation took place during the 
Emerson Phase. 

(7) Post-Emerson Phase (after 9,000 
B.P.).-The eastern outlets reopened, and 
Lake Agassiz drained ,from North Dakota 
for the last time. 

Summary of Engineering Properties 
(1) Unit 10 is the surface unit over 

nearly all of the center of the basin. It 

contains alluvial and fluvial sediment and 
fill materials. In those areas where it is 
thick, it is mostly alluvium. It has a wide 
range of water content, unit weight, liquid 
limit, plasticity index, 
un con fin ed-compressive strength, 
consistency index, and 
standard-penetration resistance. It has 
generally high water content and Atterberg 
limits and generally low strength. 

(2) The Sherack Formation has the 
best engineering characteristics of the 
offshore sediment in Lake Agassiz. It tends 
to have lower water content and Atterberg 
limits and higher unit weight, consistency 
index, unconfllled-compressive strength) 
and standard-penetration resistance than 
the other offshore units. 

(3) The West Fargo Member of the 
Poplar River Formation is under confmed 
piezometric conditions, and, in places, the 
piezometric head is above the land surface. 
Excavations or foundations in it are subject 
to quick conditions unless steps are taken 
to alleviate the high pore pressures. 

(4) The Harwood Member of the 
Poplar River Formation is similar to the 
Sherack and Falconer Formations and Unit 
10. As an engineering unit it is rather 
insignificant because of its thinness and 
sporadic distribution. 

(5) The Brenna Formation in the 
northern part of the basin is a very weak 
unit. It has high water content and 
Atterberg limits and low unit weight, 
consistency index, unconfined-compressive 
strength, and standard-penetration 
resistance. Excavations into this unit or 
heavy loads on it are subject to failure. The 
southern part of the Brenna Formation has 
engineering properties intermediate to 
those of the Sherack Formation and the 
northern part of the Brenna Formation. 

(6) The Falconer Formation, although 
it is primarily pebble-loam, has rather poor 
engineering characteristics because of its 
high clay content. 

(7) The Huot Formation varies 
considerably in engineering properties, but 
it is generally a weak material. In most 
places it would be expected to behave 
similar to the Sherack Formation and the 
southern part of the Brenna Formation. 

(8) The Wylie Formation is expected 



to have similar engineering characteristics 
to the Argusville Formation. It has 
incorporated within it material from the 
Falconer Formation, so it is difficult to 
characterize it as an engineering unit. The 
relative thinness and limited distribution 
reduce its importance as an engineering 
unit. 

(9) The Argusville Formation has 
engineering properties similar to those of 
the southern part of the Brenna Formation. 

(10) The pebble-loam units underlying 
Lake Agassiz sediment have generally low 
water content and Atterberg limits and 
high unit weight, unconfllled-compressive 
strength, consistency index, and 
standard-penetration resistance. These units 
provide a suitable foundation for nearly all 
types of construction. 

APPENDIX A 

The engineering data summarized here 
was obtained from data supplied by the 

.North Dakota State Highway Department. 
At least two borings were drilled at each 
site listed. Nearly all borings were drilled 
deep enough to encounter either Unit A or 
D (pIs. 1 and 2). 

Engineering data collected for each 
sampled interval was placed into a 
stratigraphic unit based on the descriptive 
log of each boring. In some of the borings, 
some stratigraphic units were not 
recognized except in the engineering data. 
For example, the Wylie Formation was 
often not recognized by the geologist or 
engineer writing the lithologic descriptions 
and was included with the Falconer 
Fonnation; however, the engineering data 
commonly indicates its presence by a zone 
of higher water content, liquid limit, 
plasticity index, and consistency index. 

The data for each stratigraphic unit 
encountered at each site was punched on 
computer cards and processed through the 
University of North Dakota Computer. A 
mean and standard deviation for each site 
unit was obtained. 

The contact between any two units at 
a site was commonly at different elevations 
in each separate boring. To get an average 
elevation for these unit contacts the 
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following method was used: (1) An average 
surface elevation was determined by adding 
the surface elevations of each boring and 
dividing by the number of borings. (2) An 
elevation of each sampled interval was 
determined by subtracting the mean depth 
of that interval and subtracting from the 
average surface elevation. (3) All the 
engineering data associated with that mean 
depth and calculated elevation was sorted 
on the basis of elevation for each unit. (4) 
For most sites this resulted in situations 
where the highest elevation for the 
underlying unit was higher than the lowest 
elevation for the overlying unit. The 
contact between the two units was placed 
at the top of the highest elevation for the 
underlying units. At some sites, this 
method showed that some sampled 
intervals were originally assigned to the 
wrong unit because the engineering data 
indicated that these would be better placed 
in either the overlying or underlying unit, 
and the contacts were adjusted accordingly. 

The following notations are used in 
the column headings for the basic data: 
Site No. -The Hrst number indicates the 

North Dakota highway number 
and the second number indicates 
the 'structure number. 

sd -Sand content (0.074 millimetres 
to 2.0 millimetres), in percent by 
weight of total gravel-sand-silt-clay 
content. 

St -Silt content (0.005 millimetres 
to 0.074 millimetres), in percent 
by weight of total 
gravel-sand-silt-clay content. 

Cl -Clay content (less than 0.005 
millimetres), in percent by weight 
of total gravel-sand-silt-clay 
content. 

W% -Water content. 
YD -Dry unit weight, in pounds per 

cubic foot. 
LL -Liquid limit, in percent. 
PI -Plasticity index, in percent. 
qu - Unconfined-compressive 

strength, in pounds per square 
foot. 

CI -Consistency index. 
SPI' -Standard-penetration test, in 

blows per foot. 




